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A Study on the Machinability of Electroless Nickel by the
Ultra-Precision Diamond Turning

Woo Soon Kim*, Dong Hyun Kim" and Yoshiharu Namba**

ABSTRACT

The ultra-precision cutting is a key technique for the manufacture of optical components such as aluminium

mirrors, electroless nickel mirror, plastic mirror in a variety of advanced science and technology applications. The

paper presents experimental results of ultra-precision diamond turning of electroless nickel materials. In general,
the cutting condition such as feed rate and depth of cut, have effect on the surface roughness in ultra-precision
diamond turning. To obtain an optimal cutting condition, we studied the effect of the cutting speed, the tool
length, the tool nose radius, the feed rate and depth of cut on the surface roughness. So, the relationship of the
surface roughness and cutting condition has been clarified. From the experimental results, the machined surface

roughnesses were obtained less than Inm rms.

Key Words : Ultra-precision cutting(Z73Y A2}, Electroless nickel(F-2 3] 1#), Surface roughness(EHA 2 7))
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Fig. 2 Equilibrium diagram of Ni-P *
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Fig. 3 Single Crystal Diamond Tool

Table 1 Specification of Single Crystal Diamond Tool

Nose Radius (mm)| Rake angle(®) | Relief angle(®)
1 0 5
3 0 5
5 0 5
10 0 5
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Table 2 Specification of Three-Demension Surface
Anal- ysis Micoscope

Lens (NA) x10
Interfercnec type MIRAU
Range profile (um) 690%530
Sampling step (/m) 2.163
Vertical resolution (nm) 0.1
Horizontal resolution (nm) 1.18
Measurable maximum slope dge) 7.51
Focal distance (mm) 7.4
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Fig. 6 Relationship between rms and Nose radius

-
<
-]

Cutting speed : V=2m/s
Depth of cut : a=lpm

.
M G

-
=3

-
14
»

e —w— R=tmm

4 R=3mm
—&— R=Smm
g R=10mm

Surface roughness rms (nm)

o
o=
-
-

10 100
Feed rate f (um/rev)

Fig. 7 Relationship between rms and Feed rate
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Cutting speed : V=2m/s
Depth of cut : a=Ipm
Nose radius : 10mm
Feed rate : £=0.4um/rev

-
3
T

-
(-]
T

T

O

o]
\Qk~7*0//

el
3
T

Surface roughness rms (nm)

e
=)

o

10 20 30
Distance between the fulcrum and the cutting point L (mm)

Fig. 9 Relationship between rms and L
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Fig. 11 Analysis result of tool holder (L=15mm)
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Fig. 14 A surface profile of machined surface
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